Smc-kleisins are large trimeric complexes composed of two members of the structural maintenance of chromosomes (SMC) proteins and a member of the kleisin family. They are identified as cohesin, condensin and the rather mysterious Smc5-6 complex [1] . These trimeric complexes are thought to form 'ring' structures of immense dimensions within which chromosomal DNA is entrapped ( Figure 1A ). For cohesin, this entrapment has been proven to hold the two sister chromatids together [2, 3] until anaphase: it is then that the kleisin subunit of cohesin is cleaved by a dedicated enzyme [4] and the sister chromosomes can migrate towards the opposite poles of the newly formed daughter cells. Condensin, however, is dedicated to entrapping the same chromosome fibre and its action is synchronous with mitosis. Thus, condensin is mainly responsible for the axial compaction of chromatin while cohesin is responsible for keeping the two sister chromatids attached at their centromere. It is mostly due to the combined action of these two complexes that the iconic x-shaped chromosome emerges.
How do cohesin and condensin perform these distinct roles? A central feature of all Smc-kleisins is that they are ATP hydrolysis machines; one end of their lengthy coils contains globular nucleotide-binding domains (NBDs, Figure 1A ) which bear a strong resemblance (and evolutionary ancestry) to the ABC type cassettes found in membrane transporters from bacteria to mammalian cells [5] . Could it be that instead of pumping cargos across membranes, Smc-kleisins pump DNA? And could ATP hydrolysis be the key element of their DNA entrapment activity?
In a paper published recently in Science [6] , the Haering and Dekker teams provide clear evidence that condensin ring complexes are 'pumping' DNA from inside their lumen, resulting in the extrusion of DNA loops. This activity is undoubtedly the core reaction required to structure chromosomes, since DNA looping is the basis of chromosome fibre formation [7] . Having previously isolated the budding yeast condensin complex, Ganji et al. added condensin on glass surfaces bearing fluorescently labelled DNA tethered loose (i.e. not fully stretched) to the glass at both ends. They then followed the DNA molecules using epifluorescence microscopy [8] . Under optimal conditions, the team captured single condensin rings extruding single DNA loops at a pace of 1.5 kb/sec. Although this activity appears weak, and a rather high rate of events was observed where condensin was seen to drop off DNA, it is quite possible that multiple condensin rings cooperate inside nuclei [9] . An additional remarkable finding was that loop extrusion was unidirectional: condensin would grab DNA stably and While condensin seems to be the key player in DNA loop formation during mitosis, cohesin was recently demonstrated to be the predominant force behind loop formation during interphase. A large number of studies employing post-genomic chromosome capture methodologies identified the existence of domains -primarily within the more complex animal eukaryotic nuclei -where such dynamic loops are generated and maintained [10, 11] . These isolated chromosomal regions (known as TADs; topologically associating domains) can be considered as vast 3D eukaryotic operons where transcriptional regulation is fine-tuned by bridging distant regulatory DNA elements with gene promoters. Evidence for the importance of TAD insulation comes from the observation that splitting TADs up leads to abnormal developmental traits such as limb malformation [12] . The isolation of neighbouring TADs (also known as 'insulation' in the field's terminology), rather than loop formation within each TAD, seems to be the crucial function of cohesin in this context, but despite a wealth of evidence for cohesin's role in the formation of these loopcontaining TADs, loop extrusion by cohesin has not been replicated in cellfree systems. Nonetheless, the common evolutionary origin of cohesin, condensin and their associated factors [13] strongly suggests that cohesin itself is a loop extrusion machine, although cohesin's role as a master regulator of transcription within TADs seems less likely [11] . Given the above inconclusive efforts, it seems likely that scientists in the field might learn more about cohesin if they refocused on its canonical function rather than its role in transcription and loop formation within TADs.
In this spirit exactly, a study published recently in Cell by the Uhlmann lab [14] brings our attention back to the central issue: how does cohesin attach the two sister DNAs? In this study, Murayama et al. build upon their previous assay using the fission yeast cohesin complex alongside interacting subunits that regulate its ATPase activity [15] . By mixing purified cohesin with circular double-stranded DNA (dsDNA) they test the stringency of the cohesin-DNA interaction. Cohesin's interaction with the circular dsDNA (known as the 'loading' step) depends on ATP hydrolysis and on the Mis4/Scc2 cohesin loader. When the team assessed whether this stable cohesin-DNA complex is able to bind DNA in a second round of loading (mimicking the entrapment of sister chromosomes inside cells), no new dsDNA was seen entrapped. Surprisingly, a second entrapment was observed if single-stranded DNA (ssDNA) was used instead of dsDNA. The efficiency of this second entrapment was considerably lower but depended specifically on Mis4 and not on other cohesin co-factors, highlighting the specificity of the second entrapment of ssDNA.
What could be the equivalent of such a process inside cells? The authors reasoned that such events take place once the replication machinery splits the dsDNA for each strand to be used as a template for the generation of the two sister DNA molecules. Could it be that cohesin is exploiting this window of opportunity to trap the two newly born sisters? This model is indeed appealing since the necessity for ssDNA to be the template for the second entrapment solves two problems in one reactionentrapment on one hand, but only of sister DNA molecules on the other ( Figure 1C ), since ssDNA is generally not present in cells except during replication.
Despite the obvious breakthrough each paper presents, important questions are left unanswered in both studies. An earlier paper in Science [16] using exactly the same condensin preparation as in the Ganji et al. condensin study, albeit in a slightly different experimental set-up, observed a motorised movement of condensin on stably attached DNA rather than extrusion of DNA by firmly attached rings. Which of the two results better reflects phenomena taking place inside cells? It is plausible that each set-up is mimicking different instances inside the cell nucleus: when chromosomal DNA is loose and available for extrusion, condensin may perform extrusion. When the DNA fibre is stretched, presumably by the attachment to the nuclear matrix, condensin no longer extrudes but instead performs a 'DNA walk' until it finds DNA that is available for extrusion. Dekker teams on how condensin extrudes DNA loops. One strand of DNA is anchored by the kleisin and the Ycg1 subunit (yellow) of the condensin ring, which 'pumps' DNA passing it inside its lumen, thus forming a loop (from [6] ; reprinted with permission from AAAS.) (C) A hypothetical model based on the cell-free biochemical experiments presented by the Uhlmann team [14] . Based on this model, during DNA replication cohesin is initially trapping the leading strand (double-stranded DNA); in a second step, the same ring entraps the lagging strand (single-stranded DNA). While the biochemical evidence of the study indeed supports this simple and effective mechanism, further validation is needed to fully corroborate the hypothesis (modified with permission by [14] [2, 3] ; all experimental evidence corroborates a model whereby this entrapment indeed mediates sister chromosome cohesion [17] . This could be definitively proven in a cell-free system if the assay was supplemented with chemically cross-linked cohesin rings, as done previously inside yeast cells.
Despite having a slow start, the enzymology of Smc-kleisins is finally coming of age. Condensin and a handful of other factors can reconstitute entire chromosomes [18] without even the help of nucleosomes [19] . Loop extrusion is most likely the way in which all Smc-kleisins work DNA into loops [20] . Nevertheless, condensin and cohesin appear to have evolved to do different things at different moments in the cell cycle. Their core reactions might prove very similar, but the complete mechanisms are probably substantially different, reflecting their very different tasks in shaping chromosomes.
